Background: Many pathogenic fungi fluoresce in hematoxylin and eosin stained sections, and Papanicolaou (PAP)-stained smears under ultraviolet illumination. In theory, this phenomenon could aid in the diagnosis of common fungal infections without the delay which is usually associated with special stains. Objective: To evaluate the role of fluorescence as a rapid screening technique for oral infections caused by Candida organisms in exfoliative smears of oral candidiasis. Materials and Methods: Two smears and one swab were collected from each of 62 clinically diagnosed cases of oral candidiasis. Smears were stained with (PAP) and periodic acid-Schiff stain (PAS). Both smears were evaluated under light microscopy (LM). Later, PAP smears were observed under fluorescent microscopy (PAP-FM). The swab was inoculated on Sabouraud's agar plate. Each technique was evaluated for sensitivity and specificity. Results: It was found that the PAS-stained smears were more reliable for detection of Candida species than other methods (sensitivity = 100%; specificity = 66.7%). The PAP-LM and PAP-FM showed less sensitivity (67.9% and 85.7%) and specificity (66.7% and 33.3%), respectively. Combined results of both light and fluorescent microscopy of PAP (LM + FM) showed increased sensitivity (89.3%) but reduced specificity (16.7%). Conclusion: PAP autofluorescence is less sensitive than PAS, still it accentuates the distinct morphological features of Candida.
well-established procedure. Autofluorescence (AF) of infective agents in cytological smears is useful as it allows their rapid identification, much before the results of culture and special stains are available. [4] [5] [6] AF of fungi has been demonstrated in tissue sections stained with routine hematoxylin and eosin (H and E). [7, 8] Moreover, there have been few studies applying the property of AF for rapid detection of fungal organisms in the Papanicolaou (PAP) stained, nonoral cytological smears (PAP-FM). [9, 10] However, to the best of our knowledge, there are no documented studies with regard to its use on PAP-stained oral smears. The aim of the present study was to assess the diagnostic reliability of autofluorescence of Candida species in PAP-stained oral smears in comparison with PAS stain and fungal culture.
Since the time oral candidiasis has been recognized as a clinical entity, methods for identification of Candida species are available and are best accompanied by a combination of morphologic features, culture, and biochemical characteristics. [1, 2] Although time-consuming procedures, established methods of identifying Candida organisms on a morphological basis by a periodic acid-Schiff stain (PAS) or Gridley's or Gomori's methenamine silver staining and mycological culture are accepted and routinely being followed. [2, 3] Rapid cytological detection of infective agents by direct fluorescent microscopic evaluation is a
MATERIALS AND METHODS
The study was undertaken after getting approval from the Independent Ethics Committee of the institution. The study group comprised 62 patients, who were clinically diagnosed as suffering from oral candidiasis. The clinical diagnosis of oral candidiasis was made according to Lehner (1966) . [11] From each patient, a swab for microbial culture was obtained from lesional tissue, which was directly inoculated onto the Sabouraud's agar plate. The plates were incubated at 37°C for 48 h. Two smears were prepared from the clinically suspected area by scraping the lesional tissue and/or from the fitting surface of the denture (in the case of chronic atrophic candidiasis) with a sterile metal spatula. The collected sample was spread over the glass slide. All the slides were fixed for half an hour in a Coplin jar containing ether-alcohol (1:5). One slide was then stained with PAP and the other with PAS. Three observers examined all the slides. All the slides were observed under ×40 for presence (+) or absence (−) of organisms on the morphological (for consistent usage) basis. [12] Grades for visibility in each technique were recorded as +, ++, +++, and ++++ depending on the number, the delineation, and the fluorescence of Candida in contrast with the other materials such as epithelium, mucus, debris, and inflammatory cells as depicted in Table 1 . Final grades of visibility were calculated for least value of number of organisms, delineation, and fluorescence of Candida. The graded data were then tabulated for statistical analysis by evaluating each technique for sensitivity, specificity, positive predictive value, and negative predictive value. Fluorescent microscopic evaluation was done with the help of incident light fluorescent microscope POLYVAR 2 Reichert-Jung. A 100 Watt HBO high-pressure mercury lamp with 220-volt AC mains was used as the source. The excitation filter used was of band pass 450-495 in blue excitation range (VB1). The barrier filter was of long pass 520 with a dichroic illuminator mirror with a specification of spectral reflection and edge of transmission range in (DS) 510. PAS-stained smears were examined under a light microscope, and appropriate grades were recorded [ Table 1 ].
The PAP smear grading of Candida species on light microscopy (PAP-LM) was appropriately recorded using ×40 objective [ Table 1 ]. Subsequently, AF evaluation of PAP-stained smears (PAP-FM) was done under ×40 objective of a fluorescent microscope. The area of light microscopically examined site was focused first to look for the presence (positive) or absence (negative) of AF. Candida species was identified by its characteristic morphology.
Later, other areas of the same slide were screened for any improvement in visibility of organisms. The improvement in visibility was recorded accordingly [ Table 1 ]. After incubation of the organisms in Sabouraud's agar plates, they were examined for the presence (+) or absence (−) of yeast growth. Plates without growth at the end of 48 h were incubated for up to 2 weeks before being discarded as negative. [13] A small suspension of the culture was then taken and stained with Gram's standard staining technique. The readings were documented as positive (+) or negative (−) depending on the presence or absence of yeast.
RESULTS
Of the 62 clinically diagnosed cases of oral candidiasis, 56 were positive on culture (90.30%). All positive growths (100%) showed round, oval, Gram-positive budding yeast cells. In PAS-stained smears, Candida species were identified as tangled, magenta masses of elongated hyphae, and pseudohyphae with numerous budding yeast cells [ Figure 1 ]. Fifty-eight (93.5%) of 62 lesions demonstrated the presence of organisms [ Table 2 ]. In PAP-stained smears (PAP-LM), Candida species were either not seen or seen as lightly stained, pale pink or light blue colored masses of hyphae with budding yeast cells [ Figure 2 and Table 3 ]. On fluorescent microscopy of the PAP-stained smears (PAP-FM), Candida species were fluorescing with varying intensities of yellow/green colors, and they were identified as thread-like elongated masses of hyphae/pseudohyphae with budding yeast cells [ Figure 3a -c and Table 4 ]. Other elements such as epithelial cells, inflammatory cells, bacteria, mucin, and cellular debris were also fluorescing in a similar manner interfering with the identification of Candida species [ Figure 4 ]. The combined PAP-LM and PAP-FM results were compared with the culture results [ Table 5 ].
DISCUSSION
In 62 clinically diagnosed cases of oral candidiasis, 6 were negative in culture. This included 4 cases of median rhomboid glossitis and a case of acute and chronic atrophic candidiasis. We had deviated from original classification of Lehner (1966) by including 13 cases of median rhomboid glossitis in our study as literature reports a significant number of cases that are associated with Candida species. [14] Demonstration of Candida species, especially as hyphae, by PAS stain is considered as one of the diagnostic methods. [15] In the present study, two false positive results were seen accounting for 100% sensitivity and 66.7% specificity.
Mucus which also stains magenta with PAS stain interfered with the identification of organisms although Candida could be well delineated by morphology.
In the present study, the organisms were poorly stained with PAP. Moreover, when the organisms were less in number, it was difficult to demonstrate them on LM (PAP). [16] [17] [18] [19] When the organisms are good in number in well-stained PAP smear, identification of Candida species is not that difficult, [20] and a need for PAS also does not arise. In addition, when organisms are less in number there will be a need for other techniques for identification. Although forty smears (64.5%) showed the presence of organisms, only 2 (3.6%) showed the visibility criteria of +++, and none of the slides showed ++++.
Organisms such as Mycobacteria and Pneumocystis carinii have been shown to exhibit the property autofluorescence on PAP-stained smears (PAP-FM); [6, 21] hence, the PAP-FM technique serves as a fast and inexpensive screening method for the identification of these organisms. Similarly, autofluorescence of fungi in tissue sections has been advocated for rapid diagnosis of fungal infection. [7, 8] A few reports on applications of autofluorescence property of fungi for locating them in cytological smears are also on record. [9, 10, 16] Our literature search reveals that none of the previous studies utilized the property of autofluorescence in the smear diagnosis of oral candidiasis. Fluorescent dyes such as calcofluor white and Fungiqual were described to demonstrate Candida species. However, these techniques are known to have nonspecific fluorescence and other artifacts due to keratin. [3, 21] Moreover, these methods are time-consuming. The advantage of PAP staining is that it is routinely done in most cytology laboratories for all types of cytological samples including the oral smears. Similar to PAP-stained smears, H and E stained frozen/paraffin embedded sections also exhibit autofluorescence of microorganisms. [3, 8, 18] As per the literature, there has been less stress on the fluorescent property of the Candida species in PAS smears and in unstained fungal culture. [18] The fluorescence of fungi depends on the type of fungus. The Candida exhibits an excellent delineation under fluorescence, [10] though the mechanism of its autofluorescence is yet to be understood.
PAP-LM showed a low sensitivity and specificity of 67.9% and 66.9%, respectively, while PAP-FM revealed an improved sensitivity of 85.7% with a lower specificity of 33.3%. Although PAP-LM revealed the Candida species, most of them were poorly delineated and faintly visualized. The same organisms could be well demonstrated under fluorescent microscopy of the same smear and field with more visibility grading.
Comparison of the sensitivity and specificity of PAP under light and fluorescence microscopy (PAP [LM] + PAP [FM])
with special stain (PAS) was done. Of all these methods, PAS was proved to be the most reliable with 100% sensitivity and 66.7% specificity. As for the other two methods, when the organisms were not seen with PAP (LM), the same organisms could be demonstrated with PAP (FM) and the combined (PAP [LM] + PAP [FM]) increased the sensitivity to 89.3% (which is still less than the PAS) but reducing the specificity to 16.7%. Increased visibility of PAS is related to the specific site in the Candida cell wall, which takes up brilliant magenta color due to rich glycogen content. [2] This makes observer to identify Candida easily in the background of lightly stained epithelial cells.
CONCLUSION
PAS unquestionably remains the mainstay of identification of fungus in routine cytological preparations. Although PAP autofluorescence is less sensitive, it accentuates the distinct morphological features of Candida, thereby facilitating its differentiation from other components of oral smears. In addition, PAP fluorescence is more reliable for diagnosis when the light microscopic findings (PAP [LM]) are dubious due to poorly stained hyphae. As most of the cytopathology laboratories utilize PAP for routine staining and if the fluorescent microscope is available, the demonstration of Candida species in the same smear under ultraviolet light could be useful as a screening test, which when compared to other tests is less economic and is time saving.
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